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 The feasibility of utilization of the jejunal segment or 
appendix as the substitute for reconstruction of the common 
bile duct in biliary surgery was investigated in the canine. 
Four dogs were used the appendix for biliary reconstruction, 
and 3 died within 3 months because of cholangitis associated 
with a stenosis of the anastomotic portion. Nevertheless, 9 
dogs, which were replaced by the jejunal segment, survived 
with no serious complications. Values of serum chemistries 
were within the normal range during the observation period 
of 12 months after surgery. No bile leakage, anastomotic 
stenosis or dilatation of the common bile duct were ob-
served on fistulography from the T-tube examined after 
surgery. Postmortem histological examination of the graft 
tissue showed presence of clear distinction between the 
mucosa of the bile duct and the small intestine. In addition, 
the epithelium of the small intestine was atrophic and re-
semble to the adjacent biliary epithelium. Thus, replacement 
of the intestinal segment reformed by absorbable autosuture 
appears to be clinically useful for reconstructive bibiary                                           ieiiS~ uu'~ VeS. ~iuu'~iVebi iai y
surgery which can preserve the function of the papilla in 
selected patients.
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Introduction
 The iatrogenic bile duct injury during operations of 
the biliary tract"", especially during laparoscopic 
cholecystectomy 3 ' 4' , has been increasing in patients 
undergoing biliary reconstruction. Usually, a Roux-en-Y 
hepaticojejunostomy and hepaticoduodenostomy are 
procedures of choice in such traumatic or benign stricture 
cases 5-". However, a Roux-en-Y hepatico-jejunostomy and 
hepaticoduodenostomy are not always the ideal recon-
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struction procedure regarding both physiological and 
anatomical aspects. Food and digestive juice refluxed 
into the jejunal loop, which sometimes causes cholangitis. 
Moreover, the reflux of pancreatic and duodenal juice into 
the biliary tract might also be a risk factor for intra-
or extrahepatic bile duct carcinoma". The condition of 
the patients after a Roux-en-Y hepaticojejunostomy 
and hepaticoduodenostomy might be similar to that of 
a pancreato- biliary maljunction° 10'. We previously pointed 
out the risk of pancreatic and duodenal juice for develop-
ing carcinogenesis of the biliary tract"'. Thus, Roux-en-Y 
hepaticojejunostomy and hepaticoduodenostomy for recon-
struction of the extrahepatic bile duct, should be care-
fully selected, especially in young patients. 
 A graft of the jejunal segment in animals has been de-
scribed by several workers as being ideal for either a 
total or partial replacement of the extrahepatic bile 
duct","'. However, a small intestinal segment was usu-
ally grafted across the longitudinal axis of the common 
bile duct as an end to side anastomosis because of the 
technical difficulties. These techniques do not allow for 
bile duct replacement at the different lengths needed to 
bridge the defect. Most animals could not tolerate the 
procedure because of persistent cholangitis after surgery. 
In the present study, the small intestinal segment was 
utilized longitudinally to the axis of the common bile 
duct by using an absorbable autosuture to match the di-
ameter of the jejunum and to avoid the development of 
bile stasis and cholangitis.
Materials and Methods
Animals
 Thirteen mixed-breed male dogs, weighting 9-12kg, 
were used. The animals were housed in cages and kept 
under standard laboratory conditions. at the Laboratory 
Animal Center for Biochemical Research, Nagasaki 
University School of Medicine. The animals were given 
a standard pellet died and water ad libitum throughout 
the experiment. All the experiments were done in accor-
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Table 1. Characteristics of the appendix and intestinal segment groups
               No. of Bacteriologic 
              animals Observations examination Superior mesenteric 
   Groups examined periods ( month) (positivity) Cholangiography arteriography Histologic findings 
                                                                                                         stenosis and
Appendix group 4 4.5 N.D. N.D. N.D. cholangitis 
  Intestinal 
segment groups No stenosis 
  (3 months No leakage No signs of 
after operation) 5 3 0% No stenosis Scant blood flow was cholangitis 
                                                                            shown. Atrophy of
                                                                                       the epitherium
                                                                                                No stenosis 
  (12 months No leakage Blood supply was decreased in all No signs of 
after operation) 4 1 2 0% No stenosis animals. cholangitis 
                                                                                   Atrophy of the 
                                                                                                epitherium
dance with the Guidelines for Animal Experimentation 
bacteriologically.
Bacteriologic Examination
 The intraoperative smears of bile from the all animals, 
as well as the smears of bile obtained during 
percutaneous transhepatic cholangiography after initial 
surgery, were bacteologically examined.
Laboratory parameters
 The serum levels of glutamic oxalacetic transaminase 
(GOT;normal<501U/L), glutamic pyruvate transaminase 
(GPT;normal<501U/L), alkaline phoshatase (ALP;normal< 
6KAU), total bilirubin (TB;normal < 1.Omg/dl), and amy-
lase (Amy;normal < 40001U/L) were evaluated on the day 
of the first operation, one mouth after the operation and 
on the day of the second operation in each group. If the 
parameters were abnormal, then the plasma was thereaf-
ter checked monthly.
the bile duct was surgically resected in 1-2 cm in 
length. These procedures were done in 13 dogs and 
those were divided into two groups according to the 
replacemental materials i.e., 4 animals underwent a 
biliary reconstruction using the appendix (Appendix 
group), while 9 animals underwent a reconstruction 
using the intestinal segment (Intestinal group). 
 In the appendix group, one cm of the appendix was 
grafted into the common bile duct and was covered 
with the greater omentum in order to protect against 
bile leakage and to feed the wall of the bile duct by 
perfusion without arterial anastomosis (Fig I A-D).
A B
Surgical Techniques and Experimental Protocol
 Following the intravenous administration of Nembutal 
anesthesia (25mg/kg of body weight), an upper abdomi-
nal midline incision was made and a cholecystectomy 
was done in all animals, and then, the abdomen was 
closed. The cholecystectomy was done in order to in-
duce the spontanenous dilatation of the common bile 
duct. Two months later, the common bile was grossly 
dilated. Thus, 2 months after the primary operation 
the second operation was given. When the abdomen 
was re-opened, under satisfactory general anesthesia, 
the extrahepatic bile duct was exposed. The center of
C D
Figure 1. Operative technique of common bile duct recon-
struction using the appendix group (A-C). The replaced ap-
pendix was covered by the greater omentum (D).
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 In the intestinal segment group, preparations were 
then made to graft a small intestinal segment across 
the same length of the resected ducts (Fig 2-A). The 
small intestinal segment, which was cut on the aboral 
side of the pedicle with an absorbable autosuture (Poly 
GIA-75, United States Surgical Co., Norwalk, USA), in 
order to obtain the same caliber as the extrahepatic 
bile duct, was then placed longitudinally in the defec-
tive portion of the common bile duct (Fig 2-B, C). 
 The proximal and distal posterior walls of the 
choledoco- jejunostomy were approximated with 5-0 
Dxon II (Absorbable, DAVIS-GECK Co., Wayne, NJ, 
USA). Once the posterior wall of the anastomosis was 
sutured, the proximal arm of the T-tube (R-C T type 
drain, Create Medic Co., Yokohama, Japan) was then 
inserted unto the proximal choledocus segment. The 
overlapping grafted portion was resected, and the an-
terior wall was sewn seromuscularly using a single 
knot technique with 5-0 Dxon II (Fig 2-D). All T-tubes 
were removed 30 days after operation. 
 The animals were sacrificed under complete anesthe-
sia on the 3rd or 12th month after the second opera-
tion, respectively.
Roentgenographic Examination
 Five days after the second operation, fistulography 
was done in all but three dogs, while superior mesen-
teric arteriographic examinations were also done three 
and twelve months after the second operation.
Microscope Examination
 At autopsy, the hepatoduodenal ligament was re-
moved en bloc with the liver, pancreas and part of 
duodenum, and fixed in 10% buffered formalin. The 
common bile duct with a replaced intestinal segment 
was cut into 2 or 3 blocks and embedded so that each 
section contained the hepatic hilus, a common bile 
duct and replaced intestinal segments. All sections 
were stained with hematoxylin and eosin (H&E), and 
Masson trichrome and Weigert's fibrin stains were made 
to confirm the presence of either fibrosis or cholangitis.
Results
Surgical Results
 All the dogs tolerated the primary and second op-
erations. The average body weight of the dogs in in-
testinal group increased one kg compared with that 
observed at 3 months after the beginning of the ex-
periment. None of the dogs had any postoperative 
complications, such as infections according to examina-
tions for bile leakage and bowel obstruction. All the 
dogs in intestinal group survived during the experi-
mental protocol. On the contrary, all the dogs, except 
one, in appendix group died within 3 months. The 
cause of death in these dogs was cholangitis, which 
was probably related to stenotic changes in the 
anastomotic portion.
Laboratory Parameters
 In appendix group, all the laboratory date gradually 
rose during the observation period (Fig 3). In intesti-
nal group, however, the laboratory data were within 
the normal limits throughout the experiment (Fig 4).
Figure 2. Operative technique of common bile duct recon-
struction using the intestinal segment group (A). The small 
intestinal segment was cut on the aboral side of the pedicle 
with the absorbable autosuture in order to obtain the same 
caliber as that for the extrahepatic bile duct (B,C). The proxi-
mal arm of the T-tube was inserted into the proximal com-
mon bile duct segment (D).
Roentgenographic Findings
 Five days after the second operation, fistulography 
was done in 6 dogs in intestinal group. None of the 
dogs showed any evidence of bile leakage, stenosis or 
dilatation of the common bile duct (Fig 5-A). After 3 
or 12 months, roentgenograms of all dogs on the day
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Figure 3. The laboratory parameters in dogs common 
bile duct reconstruction using the appendix group. The 
levels of GOT, GPT, ALP and T.B all gradually rose dur-
ing the observation period.
Figure 5. Cholangiography and superior mesenteric arteriography 
of a case of common bile duct reconstruction using the intes-
tinal segment group. Cholangiography after 3 months shows 
no sign of either leakage, stenosis or dilatation (A). Superior 
mesenteric arteriography, after 3 months shows a scant blood 
flow (arrow, B).
Figure 4. The laboratory parameters of cases of common bile duct reconstruction using the 
intestinal segment group. The levels of GOT, GPT, ALP and T.B temporarily rose after the 
cholecystectomy, but afterwards decreased to the normal range.
of sacrifice showed no evidence of stenosis at either 
the proximal or distal anastomosis. No dilatation of 
the bile ducts proximal to the graft was observed. On 
superior mesenteric arteriography 3 months later, blood 
supply to the graft was minimum (Fig 5-B).
Microscopic findings
 No bile duct injury, cystic duct deformation similar to 
Mirizzi syndrome, cystic dilatation of the stump of the 
cystic duct or biloma was observed. A microscopical
examination of the animals in intestinal group, at 3 
and 12 months, respectively, after primary surgery 
showed the pedicle of the small intestinal segment to 
have healed without complications. No ulceration of 
the mucosa was observed (Fig 6). In each dog, there 
was also a distinct division between the mucosa of 
the biliary tract and the graft. A clear division was 
also proven histologically (Fig 7-A, B). There was also 
no sign of a chronic inflammation or mucosal dysplasia, 
even in the transition area between the mucosa of the 
bile duct and the intestinal segment. The findings
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showed a morphologic correlation to the contraction 
seen on roentgenography. A liver biopsy showed a 
normal parenchyma in all animals without any signs 
of cholangitis, cholestasis, or biliary cirrhosis. The re-
gion stapled with absorbable sutures changed into 
dense fibrous tissue 12 months after operation with-
out any inflammatory changes.
Discussion
Figure 6. Macroscopic findings of a case of common bile duct 
reconstruction using the intestinal segment group. No dilata-
tion of the intrahepatic bile duct and no stenosis of the small 
intestinal segment were observed.
Figure 7. Microscopic findings of a case of common bile duct 
reconstruction using the intestinal segment group. In this 
ase, at 12 months aftersurgery, the epithelium of the small 
intestinal segment was atrophy (Fig 7-A). Allow shows tran-
sitional point from the intestinal (right side) to biliary epithe-
lium (left side). Fig 7-B shows high magnification of allow 
point.
 Initially, many surgeons in the field believed that 
end to end bile duct repair of the bile duct or a graft 
replacement were preferable procedures because it pre-
served the papilla and ampullary function and there-
fore minimized cholangitis14'5) 
 A large series with end to end repair of the bile 
duct reported from the Lahey Clinic"', and others" 18' 
however, suggest that end to end repair showed only 
40-50% of success rates after long-term follow-up. The 
high complication rates might be due to inadequate 
preparations of the extrahepatic bile duct to permit 
tension free anastomosis. For decades, some surgeons 
tried to apply suitable prosthetic materials including 
Teflon vitallium19' and Goretex20' to replace an injured 
segment of the common bile duct, which was unsuc-
cessful because of stenosis or occlusion with debris. 
Artificial materials without the mucosal epithelium 
seems to be inadequate for as a bile duct replacement. 
In the present study, we confirmed that the appendix 
could not remain viable only by perfusion like a skin 
graft, even when the graft is very small. 
 The jejunal pedicle graft has well-preserbed blood 
supply, which lead to prevent occurrence of stenotic 
change in the graft itself. Thus, the usefulness of the 
jejunal pedicle graft was reported theoretically") and 
experimentally""'. However, such methods of bile duct 
replacement are no longer pursued and have not yet 
been performed because of the high rate of complica-
tions due to the debris of the bile duct. Bottger and 
Junginger22' also tried to use a small bowel segment 
for extrahepatic bile duct replacement in pigs, even 
though in their experiment the common bile duct was 
dilated. Before absorbable suture materials became 
available, non-absorbable ones should be applied in 
such cases. When non-absorbable materials were util-
ized, however, stenotic changes might occur in the 
jejunal pedicle because of foreign body reaction by su-
ture materials, which led to induction of cholangitis. 
In the present study, absorbable autosuture was suc-
cessfully used to prevent foreign body reaction in the 
jejunal pedicle graft. 
 Concerning the blood supply, angiography showed a
weak blood supply to the anastomotic portion from 
the mesenteric artery, at 3 months after biliary recon-
struction. These findings suggest that the blood supply 
to the bile duct wall was established 3 months after op-
eration. Bile duct like epithelialization of the intestine 
was more pronounced in the dogs observed for 12 
month than those in the 3 month. Giancarlo et al.23' 
created model of choledochoplasty using an autologus 
vascular graft under microscope surgery. They also 
showed the epithelialization of venous and arterial 
grafts. The biliary epithelium may thus colonize the 
intestine to a greater extent than the endotherial epi-
thelium, and thus resume cell specialization and func-
tion as in the normal biliary epithelium, Namely, we 
might have to wait a certain period of time before re-
moving the stent tube until the intestinal epithelium 
become like a bile duct epithelium. 
 Grafting of intestinal segment is a very promising 
potential alternative to a partial replacement of the 
extrahepatic biliary duct. Moreover, many other condi-
tions such as extensive biliary tract strictures or 
choledocal cysts after a resection of adenomas and 
small carcinomas may thus be indications for this 
method. Thus, our new approach proved to be useful 
in selected patients.
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